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The use of green chemistry for processing engineered nanomaterials in both 
industrial and research settings has gained an enormous amount of attention. Recently, 
a large number of biomaterials have been extensively applied to produce and
assemble nanomaterials, for example, peptide, DNA, protein, microorganism. Enzyme 
is one kind of functional protein from organisms, which is also closely related to life 
activities. In this paper, trypsin has been used to synthesize Au nanomaterials and 
carried out as the following four sections of work:
1. A one-step and eco-friendly approach for the room-temperature synthesis of      
trypsin-mediated 3D gold nanoflowers with uniform size distribution and high 
colloidal stability is demonstrated. To prepare the gold nanoflowers, ascorbic acid 
was quickly added into the premixed solution of HAuCl4 and trypsin at pH=5.0. 
The results show that the feeding order, pH, molar ratio of HAuCl4 and reaction 
time play an important role in the formation of nanoflowers. 
2. The possible growth process is proposed by arresting the growth at a series of 
intermediate morphology stages during the shape evolution of gold 
nanostructures. The growth mechanism of AuNFs is suggested as three steps: (1) 
immobilization of AuCl4- ions with positively charged trypsin template, (2) 
reduction of AuCl4- ions with AA in situ spontaneously and capping Au0 by 12 
cysteines of trypsin, (3) reduction of more AuCl4- ions on the Au nuclei formed in 
the initial stages and anisotropic growth into AuNFs.
3. Trypsin was used to successfully produce gold nanoparticles. The most important 
parameter, which controls the size and shape of gold nanoparticles, was pH value. 
The trypsin and aqueous HAuCl4 solution were incubated at pH values ranging 
from 3 to 11. The results demonstrated that spherical gold nanoparticles in the 
range of 10–20 nm were observed at higher pH values, while no gold 















4. Chymotrypsin, elastase and trypsin belong to serine proteases and have the 
similar structure. Also, chymotrypsin and elastase were all used to successfully 
produce gold nanoparticles. The results demonstrated that the reducing abilities 
were related to the isoelectric points (pI) of proteases.
5. For a model reaction based on the reduction of p-nitrophenol by sodium 
borohydride, the as-synthesized Au nanoflowers with good connection between 
the petal-like nanoparticles has high catalytic activity.
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Figure 1-1 Two-dimensional map of gold nanostructures synthesized at different 
combinations of gold precursor concentrations and R ([Asp] / [HAuCl4]) ratios with 
the TEM images: (A) R =0.5 and [HAuCl4]=0.50 mM, (B) R=5.0 and [HAuCl4]=0.50 
mM, (C) R= 0.5 and [HAuCl4] =0.10 mM, and (D) R=5.0 and [HAuCl4] = 0.10 mM
Gu Ning [25] L- 1-2
20 mL 2×10–5 mol/L 















Figure 1-2 TEM images of gold nanoribbons
Shao
1-3 [27]
1-3 (a) (b) (c) (d) (e)
Figure 1-3 TEM images of the gold nanoparticles synthesized by (a) lysine, (b) 
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